Lipogenesis in Human Skin. II. The Effect of Physical and Chemical Factors on In Vitro Lipogenesis from Acetate**From the Research Laboratories of the Department of Dermatology of the Harvard Medical School at the Massachusetts General Hospital, Boston 14, Massachusetts.This work was supported by research grants from the United States Public Health Service (Grant #AM-02523), the American. Heart Association (Grant #59 G 52) and the Massachusetts Heart Association (Grants #351 and 532).  by Griesemer, Robert D. & Thomas, Robert W.
LIPOGENESIS IN HUMAN SKIN. II. THE EFFECT OF PHYSICAL AND
CHEMICAL FACTORS ON IN VITRO LIPOGENESIS FROM ACETATE*
ROBERT D. GRIESEMER, M.D. AND ROBERT W. THOMAS
That the skin is as active as is the liver in the
synthesis of cholesterol from acetate was shown
in rats in 1950 by Srere et at. (1). In 1955 Nico-
laides and Rothman (2) proved that lipogenesis
in human skin also is very active; the epidermis
produces mainly cholesterol, the dermis squalene.
In 1959 Patterson and Griesemer (3) showed that
lipogenesis can be measured reliably in S mm
discs of fresh human skin. Since that time we have
studied lipogenesis in over 1000 discs of skin
from over 100 human subjects.
In this report we discuss the physical and
chemical factors in need of control for the re-
producible assay of lipogenesis in biopsy speci-
mens of normal human skin. In later reports we
shall present the results of the application of this
method to normal human skin obtained from
different body sites and different subjects and
to abnormal skin.
METHOD
Procedure for Incubation of Skin with Tagged
Acetate and Recovery of Lipids
The procedure nsed in 1959 (3) was modified
slightly to reduce losses as smaller amounts of
tissue were used.
Each 4 to 8 mm disc of human skin, obtained at
excision, was trimmed of subcutaneous fat,
weighed and placed in a 5 ml vial, containing 1
ml of Krehs-Ringer phosphate bnffer (pH 7.4)
and 25 micromoles acetate-i-C'4 with a radio-
activity of 10 or 50 microcuries (,.ic). The vials
were shaken in a Dubnoff incubator for 3 hours at
370 C in an atmosphere of 100% oxygen.
The skin and incubating fluid were hydrolyzed
overnight in a steam bath in 1.8 ml of 15% ROll
in 95% ethanol in a sealed glass tube. Squalene
and sterols were extracted by shaking the mixture
with 50 ml petroleum ether in a separatory funnel
for 30 minutes. The remaining aqueous layer was
acidified to less than pH 2 with concentrated
sulfuric acid and the fatty acids extracted with
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50 ml ehloroform:petroleum ether (1:19) for 30
minutes. Squalene and sterols were separated by
alumina chromatography; squalene was eluted by
50 ml of petroleum ether and sterols by 50 ml of
acetone:ethyl ether (1:1).
Radioactivity of the squalene, sterols as digi-
tonide and fatty acids was determined in a gas
flow counter during the first two years of this
study. There were disadvantages: low counting
efficiency (11%) and loss of squalene and fatty
acid samples by "creepage" from the planchets
used for counting. These difficulties were over-
come when a Packard liquid scintillation counter
became available. Counting efficiency increased
to 43% and accuracy improved because the samples
were dissolved in scintillator fluid and could not
creep from the screw-capped counting vials. The
scintillator fluid was 20% methanol in toluene
and Liquifluor (Pilot Chemicals, Watertown,
Mass.). The methanol used to dissolve the sterol
samples produced only slight quenching; the same
scintillation fluid was, therefore, used for counting
squalene and fatty acids.
The squalene and fatty acid solutions eluted
from the column were taken to dryness under
nitrogen and redissolved in petroleum ether and
chloroform respectively to a volume of 5 ml.
1 ml aliquots were taken to dryness under nitrogen
in 20 ml counting vials and 15 ml of 20% methanol-
toluene scintillatur fluid added for counting. In
earlier experiments the samples were dried in
steel cup planchets for counting in a gas-flow
counter.
The sterol fraction was taken to dryness under
nitrogen and dissolved in 6 ml of acetone:95%
ethanol (1:1). To this were added 2 drops of 10%
acetic acid and 2 ml of a 0.5% solution of digitonin
in 50% ethanol. After 3 hours, the resulting
precipitate of sterol-digitonide was filtered by
suction onto 29 mm discs of Whatman 450 filter
paper. The filter paper was mounted on a ring
and disc assembly for gas-flow counting or simply
dropped into 15 ml of scintillator fluid for scintilla-
tion counting. The presence of the filter paper did
not interfere.
The squalene fraction was shown to be pure by
formation of the hexahydrochloride derivative
and determination of its melting point (3). The
sterol fraction, which is mainly cholesterol, and
the fatty acid fraction are under study by gas-
liquid chromatography. The results of these
studies will be reported soon.
Expression of Data
Data were expressed in a manner to facilitate
comparison of lipogenesis in skin from different
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Radioactivity of lipid x Conversion factor = Acetate-i-C'4 iacorporated into lipid
1
Gm wet skin X hr incubation >< misc
=
Gm skin X hr incubation
mzc mpM
X = efficiency of scintillation counter = 0.43 (for C'4 in 20% methanol in toluene)
C/M
= counts per minute in 1 millimicrocurie = 2,220me
= specific activity of acetate in incubation medium = 0.4 (for 10 McI25 pM)
mpM
For 10 pc/25 pM acetate-i-C" per ml incubation medium, the conversion factor as is:
= 2.63 X 10'.
0.43 )< 2,220 X 0.4
•
Fm. 1. Calculation of factor for conversion of radioactivity of lipid to mpmoles acetate incorporated
into lipid during 3 hour incubation.
individuals and evaluation of the important
physical, chemical and biological influences.
Values for lipogenesis were expressed in terms of
moles of acetate incorporated into lipid, rather
than as per cent of acetate utilized or as radio-
activity of lipid components. Factors for con-
version of the radioactivity of the recovered
lipids to mpmoles of acetate-i-C4 incorporated
into lipid were calculated from the efficiency of
the scintillation counter and the specific activity
of the acetate in the medium (Fig. 1). Results
of experiments were recorded as mMmoles of
acetate-i-C'4 incorporated into lipid per gram wet
tissue per hour.
Reference Base
Both wet weight and surface area of the skin
sample were used as reference bases. There was
no marked difference between the amount of
variation in groups of values referred to wet
weight or to area. Since it was not always possible
to determine area accurately (e.g., in dermatome
preparations for skin grafting) and the skin
varied in thickness, wet weight was used as the
base. It was not a satisfactory base for speci-
mens with varying amounts of inert structures,
such as collagen or horny layer. Under these
circumstances a superior reference standard
would be deoxyribonucleic acid.
RESULTS
The chief prcblem has been identification of
the many factors which influence lipogenesis in
human skin. It has been difficult to find means
for controlling or assessing these factors during
an experiment. Some of these factors became
apparent only after initial studies on abnormal
skin.
Survival of Lipogenesis in Excised Skin
Autopsy skin showed greatly reduced lipo-
genesis and was unsatisfactory for this study.
Freshly excised human skin has been the source
of material. Excised skin was held at room
temperature for varying time periods before the
three hour incubation (Table 1). The decline in
lipogenesis was apparent within a few hours
after excision. For this reason, incubation in all
other experiments was begun as soon as possible
after excision, usually within one-half to two
hours.
Bacteria
During the three hour incubation, some
specimens had elevated lipogenesis which seemed
TABLE 1
Survival of lipo genesis in excised skin
Whole skin held at 25° C for varying time periods
before 3-hour incubation
Exp. E28 Breast
Hour, No. Samples Squalene* Stero]s FattyAcids5
1
2
3
4
4
4
4
4
120
95
115
87
8.1
7.1
5.2
4.0
123
131
116
84
* In all tables in this report the values for squa-
lene, sterols and fatty acids are mpmoles acetate-
1-C" incorporated into lipid per gram wet tissue
per hour.
counts per minute mpM acetate-i-C"
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TABLE 2
Effect of bacteria on lipogenesis in human skin
Sam- Squalene Sterols
Exp. E4 Breast
Whole skin 2 178 21.6 152
alone
Whole skin + 2 196 21.7 252
bacteria
Exp. E95 Breast
Whole skin + 3 47.9 7.2 175
antibiotics*
Whole skin 3 45.5 7.1 184
alone
* Penicillin 0.05 mg and streptomycin 0.1 mg
per ml incubation medium.
TABLE 3
Effect of procain in incubating vessel
Exp. E14 Leg Sam- Sterols FattyAcids
Skin alone 2 1.4 12.1 13.3
Skin + 0.2 ml 1% 4 0.6 2.1 8.7
procain
unrelated to the skin. Experiments were designed
to evaluate the role of bacteria. Experiment
E4 showed the effect of adding 2 x 10 micro-
cocci (cultured from human skin) to skin samples
before incubation. Experiment E95 demonstrated
the effect of addition of penicillin and strepto-
mycin to the medium (Table 2). In both cases a
slight effect was noticeable in the fatty acid
fraction and possibly in the squalene fraction.
The stimulation of fatty acid synthesis by
bacteria was most apparent during studies on the
rate of lipogenesis to be reported in a later
TABLE 5
Effect of substrate concentration
ACETATE No. Sam1eJ Squalene Sterols Fatty
.sM/m1 Acids
Exp. E15 Breast
1.39
5.56
*27.8
4
4
4
9.2
16.7
20.8
10.9
11.4
10.6
3.4
6.6
9.4
Exp. E20 Breast
5.62
*22.5
112.0
562.0
4
4
4
4
16.7
21.4
22.5
16.8
14.4
14.1
15.3
9.1
47.8
58.0
57.6
57.3
* Usual concentration in most experiments.
communication; there was a sharp rise during the
third hour. However, the effect of bacteria did
not seem to be as important as other factors in
causing variation in data from duplicate samples.
Local Anesthesia and Freezing
Freezing abolished completely all lipogenesis;
specimens could not be stored for later processing.
Local anesthesia reduced lipogenesis sig-
nificantly, so that a three inch annular field block
around the lesion or selected site has been used
on human subjects. Examples of this effect
appear in Tables 3 and 4. In one experiment
procain was added to the incubating vessel. In
another experiment procain and xylocain were
injected into excised breast skin, and biopsies
were taken in relation to the injection site.
Homogenization of Skin
Homogenization in a Potter glass homogenizer
and thorough mincing with scissors destroyed
TABLE 4
Effect of local anesthetics in excised skin
Distance Minutes No. Samples Squalene Sterols Fatty Acids
Exp. E38 Breast* 2cm
1 cm
center of wheal
5
5
20
1
1
1
3.15
0.67
0
4.1
2.0
0
15.7
10.9
0
Exp. E39 Breast
No xylocain
1% xylocain wheal center of wheal
5
5
1
1
21.0
5.5
13.1
1.8
35.1
9.9
* 1% procain wheal in excised skin, biopsies relative to wheal margin.
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all lipogenesis in human skin. In addition,
lipogenically active subcellular particulate frac-
tions could not be prepared by differential
centrifugation. The chief reason for this difficulty
was the interference of keratin and collagen
during the homogenization procedure. Prolonged
time and increased shearing were required for
adequate homogenization of skin. These were
the very conditions Dr. Bucher (4) avoided in
her procedure for gentle homogenization of liver,
which permitted her to demonstrate that sterol
synthesis occurs in the microsomal fraction.
Substrates and Cof actors
Many substances known to play a role in
lipogenesis in homogenates of other tissues were
tested in skin. They failed not only to restore
lipogenesis in homogenates of human skin, but
also to enhance lipogenesis in human skin slices,
the latter undoubtedly because of lack of perme-
ability of cell walls. Thus, cytochrome c, adeno-
sine triphosphate, hexosediphosphate, diphos-
phopyridine nucleotide and mevalonic acid-C'4
were without effect. It was necessary to use
acetate-i-C'4 as the substrate for lipogenesis
despite the multiple pathways of its metabolism
and its low rate of incorporation into lipid,
namely 0.1 to 3.0% at 25 micromoles/mI concen-
tration. Table 5 shows the effect of a wide range
of concentration of acetate on lipogenesis in
skin and the reason for selecting 25 micromoles/
ml as the optimum concentration for other
experiments.
In some experiments glucose (10 mg per vessel)
in bicarbonate buffer and 5% C0,—95 % 0, were
substituted for phosphate bnffer and 100%
oxyg n. In this environment human skin slices
and human subcutaneous fat showed elevated
lipogenesis, but only in the fatty acid fraction.
In fat there was a two to five-fold increase, in
whole skin 50 per cent (Table 6). The explanation
probably is that the glucose medium provides
the source of glycerol for triglyceride synthesis
and of energy-rich compounds for fatty acid
synthesis.
SUMMARY
The optimum conditions for measurement of
in vitro lipogenesis from acetate in 4 to 8 mm
punch biopsy specimens of fresh human skin
have been defined. Incubation of the skin slices
was carried out for three hours at 37° C in 100%
oxygen atmosphere in one ml of phosphate buffer
at pH 7.4 containing 25 mieromoles acetate-i-C"
with radioactivity of 10 or 50 pc. Squalene,
sterols and fatty acids were extracted and then
separated by column chromatography. A scintil-
lation counter was required; results were ex-
pressed as mjzmoles ocetote incorporoted into lipid
per gram wet tissue per hour.
Lipogenesis declined rapidly after death;
skin samples were studied within two hours
after excision, but preferably within minutes.
Procain and xyloeain markedly inhibited lipo-
genesis; an annular field block around the lesion
or site was required. Freezing and homogeniza-
tion completely inhibited lipogenesis. Many
co-factors and substrates known to affect lipo-
genesis in homogenates of other tissues had no
effect in skin slices, because of failure to penetrate
cell walls. Moreover, they did not rejuvenate
lipogenesis in homogenates of human skin. If
glucose in bicarbonate buffer was substituted for
phosphate buffer, human skin slices synthesized
50% more fatty acid, but slightly less cholesterol
and squalene.
TABLE 6
Effect of glucose and bicarbonate on lipo genesis in skin
Eap. E99 Breast Incubation Medium No. Samples Squalene Sterols Fatty Acid,
Whole skin
Fat
Whole skin
Fat
Phosphate
Phosphate
Clucose-bicarhonate
Glucose-bicarbonate
3
3
3
3
1,420
3
972
2
42
0
32
0
1,915
1,550
2,600
2,950
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